Abstract-Mobile P2P (MP2P) network has been widely used in everyday life combined with the wireless technology development. However, most previous works concentrate on the assumption that the mobile peers are identical of their inner properties in compositing a MP2P network. However, in current network environment, heterogeneous devices are widely used; they may have different storage sizes, data transmission rate, processing ability and even security levels. In such kind of MP2P Network environment, how to make data transmission effectively is challenge. In this paper, we concentrate on how to effectively obtain a queried multimedia resource and generate a path for such data transmission on the overlay MP2P network, so as to make the resource more effectively transmit among the heterogeneous peers. A new path generating algorithm called SPF-A* (Super Peer First A*) is devised, and simulation studies are conducted to validate our proposal.
I. INTRODUCTION
MP2P network with the identical inner peers is quite acquainted with us, where peers have the same properties and they can be regarded as "counterpart". However, in nowadays MP2P environment, heterogeneous devices are common. The MP2P network is constructed by different kinds of devices such as mobile phone, notebook and other kinds of mobile devices. How to make such kind of MP2P network acquire higher performance is a quite interesting problem. In such MP2P network, users can freely employ any kinds of heterogeneous devices of different storage sizes, transmission latency, processing ability and even different security levels as long as his/her network card satisfying the connection require. However, it imposes many challenges on the design issues, e.g., caching, routing, access control, etc. In this paper, we investigate one of the issues: how to effectively generate an overlay path for multimedia data transmission in such an environment. We propose a novel path generating scheme for the network of heterogeneous peers with different properties. Our main focus will be on the attribute of storage space possessed by the mobile peers.
The rest of this paper is organized as follows: In section 2 we review some related work. In section 3, a modeling framework is presented, in addition to some basic assumptions. Section 4 describes the path generating scheme in detail, and section 5 presents a simulation study to evaluate our proposed approach. The final section concludes the paper and offers some future research directions.
II. RELATED WORK
In a MP2P network, the data required by a peer mostly comes from other peers in the network, so a short path for the data transmission is required. On the other hand, a hot resource can be distributed on more than one peer, obtaining resource in a nearer neighbor peer will tremendously cut down the transmission cost.
The terminology "heterogeneous network" can be found in [1] [2] and some design issues as route and resource distribution are considered jointly in such network condition.
In [4] , the authors define the term "Node Capacity Distribution" to represent the heterogeneity of the peers. And they employ the terminology "Network Heterogeneity" to describe the different properties of the peers. In that heterogeneous network, users' access bandwidths are rather diverse, from 56 Kbps connections to Mbps connections. Moreover, many other factors are used to determine a MP2P system's characteristics. Users' local resources such as CPU power, available memory and hard disk space are also considered as important factors for a MP2P system design.
There have been lots of routing schemes proposed for a MP2P network with analogical peers. In particular, lots of distributed routing algorithms for path generation to deal with the dynamic characteristic of mobile peers have been widely studied by researchers. However, the dynamic characteristic of multimedia data obtained by mobile peers is rarely studied compared with the mobile peers' motion characteristic. The cost to (re-)construct the static indexes is very high. This calls for an effective method to generate path for multimedia data transmission in up-level overlay network besides distributed dynamic routing algorithm designed in MAC layer. For such purpose, we propose an A* algorithm based multimedia data searching and transmission path generating scheme in that kind of network. The detailed research will be discussed in the subsequent sections. In comparison with the network shown in Figure 1 , a heterogeneous MP2P environment shown in Figure 2 is different in terms of peers' inner properties. In this figure, we show a 3-layer network with three different kinds of peers. For simplifying the analytical purpose of this paper, the heterogeneous property of storage size is the basic ratio for peer clustering. Other attributes such as processing ability and security level having little relationship with multimedia data searching are omitted.
In our modeling framework, each peer is devoted to communicate with its neighboring peers within its transmission range to exchange information. This is somewhat similar to the viewer/object scope concept in [9.10] . The direct neighbors of a peer are a part of the whole network. Looking at the scheme shown in Figure 2, 0a Peer is the peer with the largest storage space at level 0, mean the peers with the second largest storage space at level 1, and so on. By dividing the storage size property, we cluster the peers in the MP2P network based on their storage space. Supposing there is a server in the network which knows every peer's properties (e.g. storage size) (the server does not need to know the peers' actual multimedia files), then it can direct the search of multimedia and path generating.
A line between two peers means that they have established a direct link. As heterogeneous properties obtained by mobile peers, different links will obtain
Peer Peer Peer Peer 1 d various message delays. Naturally, the total cost in this model of a path depends on the delay of each pair of adjacent peer and the total hops of the path.
A. Multimedia Data Popularity
In our model, another important attribute for each mobile peer is the popularity of the multimedia files that they obtain: the larger the value is, the more possible that users may access. Formula (1) defines the relationship between the popularity of a multimedia file and its ranking, which can be denoted as Zipf-law. The default value for ratio θ is assumed to be 0.5.
Let i P( ) File denote the probability for any peer to access i File (0 < i ≤ TotalFileNumber). Then the probability can be calculated by the following formula:
The parameter TotalFileNumber is the total number of multimedia files in the network.
B. Using Distance Function to Cluster the Peers
If peers have multi-properties such as storage size, transmission delays and so on, a peer clustering process is needed. For our purpose, the method used to cluster the peer adopts distance functions for high-dimensional space. Suppose that peers have different properties denoted as P 1 ,P 2 ,…P k , then the distance between two peers can be defined as:
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The parameter
is the coefficient of each property P. By this formula, we can measure the relative distance of each peer and can put the peers into proper cluster through the corresponding distance based clustering.
As mentioned earlier, the property Storage Size is used as the only ratio to cluster the peers and the distance function can be expressed as:
C. Information Exchange Protocol
A peer in the MP2P network should know the whole P2P network graph to search effectively. In MP2P network, the mobile peers can directly interact with their neighbor peers within their transmission distance, and they can obtain the whole network information by diffusing information among them (just like routing proliferation). In this paper, we suppose there is a server peer can collect the global image of the MP2P network for centralized search.
Ⅳ. MULTIMEDIA DATA SEARCHING SCHEME A. Applying A* algorithm to Path Generation A* algorithm has been widely used in artificial intelligence and graph search field. In sum, A* algorithm is a best-first, graph search algorithm that finds the leastcost path from a given initial node to a target/goal node. More specifically, it uses a distance-plus-cost heuristic function (usually denoted as ( ) f n where n is the index of the node) to determine the order in which the search visits the nodes of the tree. The distance-plus-cost heuristic is a sum of two functions: the path-cost function (usually denoted as ( ) g n , which may or may not be a heuristic) and an admissible "heuristic estimate" of the distance to the goal (usually denoted as ). The pathcost function ( ) h n ( ) g n is the cost from the starting node to the current node.
Since the part of the ( ) h n ( ) f n function must be an admissible heuristic, it is required to underestimate the distance to the goal. Thus for an application like routing, might represent the straight-line distance to the goal, since that is physically the smallest possible distance between any two points (or nodes for that matter).
( ) h n B. SPF-A* Searching Algorithm
A* algorithm is dependent on two functions, viz, ( ) g n and . For our purpose we define ( ) h n ( ) g n as the network transmission delay of the start peer to the current peer, and as the path of the current peer to its neighbour with the smallest delay. Let be the function 1/ , where neighbour_size means the storage size of a neighbour of current peer. Then, we define the total cost function
Note that parameters α and β can be regarded as the weights of ( ) g n , and , as they determine the relative importance of
and
. Each time, we choose the peer with the smallest ( ) h n ( ) i n ( ) f n as the next step/goal of search.
The algorithm can be explained as follows: since we want to generate a path with the smallest total delay, we greedily choose the next hop peer with the smallest total delay and the peer with a larger storage size, to find the multimedia resource as soon as possible. The heuristic point is that a peer with a larger storage size may have a bigger probability with the requested data. In this way, the search can form a shorter path and the total delay will be smaller. We offer the pseudo code of the searching process as follows, where the cost function f is defined by Equation (5 The choice of the values of α and β is a parametric optimization problem. In our approach, we use geneticalgorithm-like optimization algorithm to choose the best ratio of α and β fitting for our problem.
The parametric optimization process is necessary because we can not know in advance the relative importance of ( ) g n , and compared with the general A* algorithm used for searching and routing. On the other hand, only the ratio 
Ⅴ. EXPERIMENTAL STUDY
As part of the research, we provide simulation experiments to evaluate the effectiveness of the proposed scheme. In this experiment, comparisons of SPF-A* (Super Peer First A*) path generating method with three other path generating algorithms: A*, SPF and Random Way (RW) are conducted. Briefly speaking, SPF-A* path generation scheme considers not only the nearest path, but also the heterogeneous storage size property of peers to guide the search. A* algorithm exhibits a greedy search over the network for the smallest total latency. As defined before, ( ) g n is the total transmission delay from the start peer to the current peer, and is the smallest delay of a path of the current peer to its neighbours (much the same as Dijkstra Algorithms, using the next hop delay as the heuristic function). Then the next searched peer is the one with the smallest
. In SPF scheme, it generates the path with the neighbour of biggest storage size first. In Random Way (RW), the next searched peer is chosen randomly from the current peer's neighbour list.
An MP2P environment is designed and the requests are generated based on the multimedia data popularity as defined by formula (1) . Then the data requests are put into individual peer's request list waiting for handling.
A. Definitions and Range of Parameters
We conduct comparison experiments in an MP2P network by using different number of peers, storage size, average peer's degree and link delay. The relevant parameters are shown in Table 1 . 
B. Simulation Results
The simulation results are shown in Figures 3, 4 , 5 and 6. The compared ratio Total Request Delay (TRD) is the total weight (cost) of the path to the found multimedia file with all requests (on one peer). Figure 3 shows a comparison between the ratio TRD and the request number for the four algorithms. As shown in the figure, when the request number becomes larger, TRD becomes bigger as there are more requests to be deal with. Notably, we can see SPF-A* algorithm has the smallest TRD compared with A*, SPF and RW.
In Figure 4 , the ratio TRD is compared against the Average Storage Size of all the peers with 1000 requests. Clearly, as the Average Storage Size becomes bigger, TRD becomes smaller. Notably, SPF-A* can have the smallest TRD against different Average Storage Size. As the ratio Average Storage Size becomes bigger, multimedia data can be found with smaller hops and each algorithm can find the required data with smaller total delay, so the difference of TRD among them is not obvious.
To evaluate the scalability of these schemes, the next simulation is designed on a complete graph (supposing that every mobile peer can directly interact with all the other peers) in Figure 5 . In this simulation, every peer has more choices to generate a path to the required data. In such condition, the value TRD is much smaller, SPF can perform better than A* and RW with the smallest total request delay. However, SPF-A* is still the best. What's more, the difference is smaller, for every peer in the network has more choices (neighbours) to get the data, each searching algorithm can make better path generation decision. Figure 6 shows the relationship between TRD and the ratio / β α (only with algorithm SPF-A*). As can be seen, / 50 β α ≈ is the best in terms of TRD value. In fact, if / β α is too big, it means that SPF-A* algorithm will greedily choose the peer with the largest storage space.
On the other hand, if / β α is too small, it follows that our SPF-A* algorithm will greedily choose the neighbour with the smallest transmission latency as the next relay peer just as what A* does. In both cases, the scheme does not perform well. Thus we should give consideration to both peer's storage size and transmission latency in searching for such a heterogeneous MP2P network. As a summary to this simulation study, we can notice that SPF-A* algorithm has better performance than other path generating method in a heterogeneous MP2P network in terms of the compared ratio TRD. We believe that SPF-A* scheme not only performs well for an MP2P network with complex heterogeneous peers, but also can be adapted and adopted to other distributed environment requiring efficient and adaptive searching.
Ⅵ. CONCLUSIONS AND FUTURE WORK
In this paper, we have introduced a flexible multimedia data transmission path generating scheme suitable for MP2P network with heterogeneous peers. We have presented a new algorithm called Super Peer First-A* (SPF-A*) to facilitate path generation for multimedia data in a heterogeneous MP2P network. As the peers in the MP2P environment are of different properties (e.g., storage size, transmission latency, etc.), the proposed algorithm gives special consideration to these different properties of the peers in transmission path generation.
Conducted simulation experiments have also demonstrated the effectiveness of our proposed scheme. Our future work will concentrate on how to generate path on a more sophisticated network model, and consider more properties of the heterogeneous peers. In addition, we will consider generating multi-path for multimedia data transmission.
